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(54) Acoustic gas meter 

(57) An acoustic gas meter comprises an acoustic 
transmitter/receiver arrangement (2,4) disposed within 
a gas flow conduit (6) for transmitting and receiving 
acoustic energy along an acoustic path (8). A tempera- 



ture probe (14) is Included having an elongate sensor 
region (16) disposed relative to, preferably along, the 
acoustic path (8) to provide a measure of a gas temper- 
ature indicative of an average gas temperature within 
the acoustic path (8). 
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Description 

[0001] The present invention relates to an acoustic 
gas meter and in particular to a meter for the analysis 
of proportions of gases in gas mixtures. 
[0002] In medical and clinical settings It Is useful to be 
able to measure accurately the concentrations and/or 
flow rates of respiratory (inspiration and/or expiration) 
gases or changes therein since these can provide, for 
example, valuable infomnation on patient metabolic con- 
ditions. This Is particularly the case during the provision 
of mechanical respiratory aid to a patient where Icnowl- 
edge of the relative and absolute amounts of oxygen 
and carbon dioxide within the expiration gas may be 
used to provide infonnation on the metabolisation of ox- 
ygen as well as respiratory function. Moreover, Icnowl- 
edge of the oxygen/nitrogen ratio in an inspiration gas 
is useful for controlling or mon itoring the provision of me- 
chanical respiratory aid. 

[0003] Known acoustic gas meters comprise an ultra- 
sonic transducer arrangement adapted to transmit ultra- 
sound pulses along an acoustic path through a gas mix- 
ture within a measurement cell or asection of aflow con- 
duit containing the flowing gas mixture and to receive 
the so transmitted pulses; and a calculations unit for cal- 
culating the transit time of the ultrasound pulses. The so 
calculated transit time may be used in known manners 
to provide a measure of the flow and, additionally or al- 
ternatively, the composition of the gaseous medium. As 
the velocity of sound through a gaseous medium is 
l<nown to be dependent on the temperature of that me- 
dium then a temperature probe Is often included as part 
of the meter to monitor the gas temperature at a point 
within the cell or section and to provide this temperature 
to the calculations unit where It may be employed to 
compensate the calculated parameters for temperature 
variations. 

[0004] Gas meters are known, for example from WO 
92/03724 and from US 5247826; for acoustically ana- 
lysing the ratios of a mixture of gases comprising two 
known gases, such as the oxygen/nitrogen ratio In a 
breathing gas to be supplied to a patient from which the 
oxygen concentration or changes therein can be deter- 
mined. The known meters utilise the physical phenom- 
enon that acoustic waves travel with different velocities 
through different gases. The velocity of sound, V, 
through a gas is known to be proportional to (T/M)^-^ 
where M is the molecular weight of the gas and T is its 
absolute temperature. Thus for a gas mixture at a known 
temperature the velocity of sound, V, In the mixture can 
be used to provide a measure of the relative concentra- 
tions of the constituents of the gas. 
[0005] However, the temperature of the gas will vary 
according to Its pressure so that in circumstances where 
the gas has a variable and rapidly changing pressure, 
such as typically found in inspiration and expiration gas- 
es during mechanical respiratory aid, inaccuracies in the 
measured gas ratio can occur (typically a 1'C error in 



temperature will give approximately a 3% error in oxy- 
gen concentration in a binary gas mixture with air). This 
is partteularly problematical when the pressure induced 
temperature variation causes a temperature gradient t(^. , 
5 occur within the acoustic path through the gas mixture 
to be analysed. 

[0006] According to the present invention there is pro- 
vided an acoustic gas meter as described in and char- 
acterised by the present Claim 1 . By providing a tem^ 

10 perature probe having an extended sensor region, for 
example by using a plurality of point sensors with a 
known spatial Inten-elatlonship or, more simply, by em- 
ploying a length wire of known temperature versus elec- 
trical resistance characteristics, then the average tem- 

15 perature of gas within the acoustic path traversed by the 
acoustic energy can be monitored. In this manner a tem\i . 
perature measurement can be made which more accu- 
rately reflects the temperature of the actual gas through 
which the emitted acoustic energy propagates. 

20 [0007] Usefully the length of wire may be provided 
with one or more bends so as to form, for example, a 
wire loop, spiral or zigzag pattem, so that the total length 
of wire employed as the sensor region is greater than 
the acoustic path length. This leads to an increased 

25 electrical resistance change per degree of temperature 
change and so reduces any signal amplification require- 
ments. 

[0008] Exemplary embodiments of the present invent;, 
tion will now be described with reference to the drawing 
30 in the accompanying figures, of which: 

Fig. 1 shows a first example of an acoustic gas me- 
ter according to the present Invention; 

35 Fig. 2 shows a second example of an acoustic gas 
meter according to the present invention; and 

Fig. 3 shows a third example of an acoustic gas me- 
ter according to the present Invention. . 

40 

[0009] Considering now the gas meter of Fig. 1. an 
ultrasound transmitter 2 and a complementary receiver 
4 are disposed in ultrasoniccoupling with a gas flow con- 
duit 6 to define opposite ends of an acoustic path 8 

45 (shown as broken lines). Electronic control circuitry 10 
Is provided in operable connection with each of the ul- 
trasound transmitter 2 and receiver 4 and Is configured 
to cause the transmitter 2 to emit an ultrasound signal; 
the receiver 4to detect the emitted ultrasound signal af- 

50 ter Its traverse of the acoustic path 8; and to measure 
the time elapsed between the emission and the detec^: 
tlon of the ultrasound signal. Acalculatlons unit 12, such 
as may be realised in a suitably programmed microcom- 
puter, Is connectable with the electronic circuitry 1 0 with 

55 which it co-operates to receive a signal indicative of the 
measured elapsed time. In the presently described em- 
bodiment the gas flows through the conduit 6 in only one 
direction (for example as shown by the arrows In the f ig- 
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ure) and the ultrasound signal traverses the acoustic 
path 8 In only one direction from transnnitter2 to receiver 
4 so that a measured acoustic velocity, V^, will be af- 
fected by the flow velocity, Vg, of the gas (In the present 
example increased so that = V + Vg). The calcula- 
tions unit 1 2 Is configured to detemiine, in a Icnown man- 
ner, the gas flow velocity, Vg, of gas flowing within the 
acoustic path 8 from the received signal and from a 
measure of the temperature,-T (remembering that V Is 
proportional to (T/M)^-^ ), of a gas of a known composi- 
tion within the flow path 8 obtained from a temperature 
pr6be 14 according to the present Invention and de- 
scribed In more detail below. 
[0010] Such an arrangement Is well known in the art 
and is described here only In sufficient detail to enable 
a skilled person to properly appreciate the present In- 
vention. It will be appreciated that each of the dedicated 
ultrasound transmitter 2 and receiver 4 may be substi- 
tuted with an ultrasound transceiver and the electronic 
circuitry 10 nonnnventively adapted to cause each 
transceiver 2,4 to act In tum as a receiver in a comple- 
mentary transmitter and receiver arrangement. This en- 
ables the transmission and subsequent detection of ul- 
tr)aisound travelling in either direction along the acoustic 
path 8. Since flow velocity Vg of the gas will affect the 
acoustic velocity V in an equal but opposite manner for 
the different directions of travel of the ultrasound signal 
the calculations unit 12 may then be configured to de- 
termine, in a known manner, a value of the acoustic ve- 
locity, V, that is independent of the gas flow velocity Vg 
by the appropriate combination of the acoustic velocities 
measured for each of the two directions of travel of the 
acoustic signal. In this arrangement the calculations unit 
1 2 can also be configured to detemiine, in a known man- 
ner, a flow velocity of the gas Vg independent of a knowl- 
edge of the temperature T of the gas within the acoustic 
path 8 and additionally or altematlvely, knowing the tem- 
perature T, a gas composition If the amount of one of 
the components of the gas within the acoustic path 8 is 
unknown. 

[0011] The temperature probe 14 according to the 
present Invention Is shown here as including a sensor 
region consisting of a length of wire 1 6, such as platinum 
wire, having know temperature versus electrical resist- 
ance characteristics, whteh extends straight along sub- 
stantially all of the acoustic path 8; and a measurement 
device 18 for measuring the resistance of the wire 16 
an'd for providing an output Indicative of the same to the 
calculations unit 12. Such a measurement device 18 
may, for example, Include a balanced bridge anrange- 
ment which is typically employed to measure resistance 
in conventional platinum-resistance themnometers. The 
platinum wire 1 6 Is relatively thin (in the present example 
17.8 ^m diameter) so as to provide an adequate re- 
sponse time to rapid pressure Induced temperature 
changes within the gas and is connected at its opposite 
ends, that is, proximal each of the transmitter 2 and re- 
ceiver 4, to pairs 20, 20' of larger diameter (In the 



present example 50^m) wires which preferably extend 
through gas within In the conduit 6 in order to achieve 
substantially the same temperature as that of the plati- 
num wire 16. These pairs 20, 20' of wires are provided 

5 for electrical connection to the measurement device 1 8 
In a standard "four-wire" arrangement. 
[0012] As an alternative, the length of wire 16 need 
not be located in the acoustic path 8 itself but may be 
located In another region of the conduit 6 in which the 

10 average temperature, as sensed by the sensor region 
fonned by the wire 16, is the same as or has a known 
relationship to the temperature along the acoustic path 
8. in the circumstance In which the temperature sensed 
by the sensor region of the wire 16 has a known rela- 
ys tionship then the calculations unit 1 2 may be further con- 
figured to detemnine the temperature along the acoustic 
path 8 using the sensed temperature and the known re- 
lationship. This relationship may readily be detennlned 
empirteally, for example by a comparing the instantane- 

20 ous temperatures for the flow path and for the wire 1 6, 
perhaps under different flow conditions. Thus the tem- 
perature probe 14 of this alternative actually provides a 
measure of a temperature Indtoatlve of that along the 
acoustic path 8. 

25 [0013] Fig. 2 illustrates an acoustic gas analyser in 
which the acoustic transceivers 2',4' are arranged to de- 
fine an acoustic path 8* which Is at an angle to the direc- 
tion of gas flow (Illustrated by an^ows) through the gas 
flow conduit 6'and are controlled to alternately operate 

30 as complementary transmitter and receiver by means of 
conventional control circuitry 1 0'. As with the control cir- 
cuitry 10 of Fig. 1, the circuitry 10* includes means for 
detemnining a transit time for acoustic energy passing 
between the transceivers 2'4', along the acoustic path 

35 8' in each direction. The so detennined transit times may 
be used within a calculations unit (not shown) In the de- 
tennination of one or both of the flow velocity Vg of the 
gas and the composition of the gas within the acoustic 
path 8*. according to methodology well known In the art. 

40 The transceiver 2*4* geometry of Fig. 2 is well known in 
the art of acoustic gas flow measurement and is de- 
scribed in greater detail In, for example, US 6098467. 
[0014] In order to enhance the resistance (or other 
measured electrical property) change with temperature 

45 over the temperature probe 14 of Flg.1 a temperature 
probe 22 is substituted in which the wire 26 fomning the 
sensor region is provided with a plurality of bends, in 
this example fomning into a spiral, and is preferably dis- 
posed along the acoustic path 8 (See Fig. 2). 

50 [0015] The wire 26 is connected at opposite ends, 
proximal each of the transceh^ers 2',4' to electrical con- 
ductors 24. These conductors 24 are, in turn, aranged 
for electrical connection with a measurement device 28 
which provides an output dependent on the resistance 

55 of the wire 26. It will be appreciated that these conduc- 
tors 24 can be substituted with or substitute for the two 
pairs of wires 20, 20* In the temperature probe 1 4 of Fig. 
1 and the measurement devices 1 8, 28 adapted accord- 
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ingly. 

[0016] It will be further appreciated that other shapes 
for the wire 26 may be devised so that the total length 
of the wire 26 is greater than the length of the acoustic 
path 8' and still remain within the invention as claimed, s 
[0017] Refen-ing now to Fig. 3, an ultrasound trans- 
ceiver 30 is disposed within a gas flow conduit 32 to de- 
limit an end of an acoustic path 34 and is capable of 
being operated altemately as an ultrasound transmitter 
and a receiver when connected to appropriate known 
control circuitry (not shown). An ultrasound reflector 36, 
which may be a part of or, as illustrated in Fig. 3, different 
from the conduit 32, is positioned to define an opposite 
end of the acoustic path 34. The reflector 36 is arranged 
to reflect incident ultrasonic energy that is emitted from is 
the transceiver 30 when operated as a transmitter back 
to the transceiver 30 where it Is detected when operated 
as a receiver. 

[0018] A wire 38, which acts as the sensor region of 
a temperature probe, enters the acoustic path 34 at the 20 
end that is delimited by the reflector 36, passes along 
the path 34, Is looped over a support structure 40 to- 
wards the end of the acoustic path 34 that is proximal 
the transceiver 30, and is temninated at the end of the 
acoustic path 34 at which it entered. As with the temper- 25 
ature probes 14;22 of the previously described embod- 
iments the wire 38 may, alternatively, be located outside 
the acoustic path 34 in a region having a known temper- 
ature relationship with the path 34. The sensor region 
so defined by the wire 38 is thus substantially twice as 30 
long as the acoustic path 34. Preferably, the two 'legs' 
42 of the wire loop 38 are arranged substantially parallel 
to one another and to the side walls of the conduit 32 
that surround the acoustic path 34. In this manner the 
effects of any temperature gradient perpendlcularto the 35 
direction of travel of the acoustic energy between trans- 
ceiver 30 and reflector 36 are reduced. 
[0019] The support structure 40 Is, in the present ex- 
ample, shown to extend from a region of the conduit 32 
proximal the reflector 36 and should be themrtally insu- 40 
lated, at least along the section 44 which contacts the 
wire 38, so as to help reduce the thermal effects of the 
support 40 on the response of the wire 38 to rapid (for 
example pressure induced) changes In the gas within 
the acoustic path 34. 45 
[0020] It will be appreciated by those skilled in the art 
that the response time of the temperature probes of the 
present invention, such as are illustrated in the above 
exemplary embodiments, will depend to a large extent 
on the thickness of the wires that fornn the sensor re- so 
glons, Thus the thinner the wire the faster the response 
time will be and may be selected dependent on the in- 
tended use of the acoustic gas meter according to the 
present invention. It will also be appreciated that acous- 
tic energy other than ultrasound may be employed with- ss 
out departing from the invention as claimed. 



Claims 

1. An acoustic gas meter comprising an acoustidi. 
transmitter/receiver arrangement (2,4;2',4';30,36) 
for transmitting and receiving acoustic energy along 
an acoustic path (8;8';34); and a temperature probe 
(14;22) having a sensor region disposed to meas- 
ure a gas temperature characterised In that the 
temperature probe (14;22) is configured with an 
elongate sensor region (16;26;38) disposed relative 
to the acoustic path to provide a measure of a gas 
temperature indicative of an average gas tempera- 
ture within the acoustic path (8;8';34). 

2. An acoustic gas meter as claimed in Claim 1 char^ ' 
acterised In that the temperature probe (14;22) Is 
configured with the sensor region (16;26;38) ex- 
tending along the acoustic path (8;8';34). 

3. An acoustic gas meter as claimed in Claim 1 or 
Claim 2 characterised In that the sensor region 
comprises a length of wire (1 6;26;38) of known tem- 
perature versus electrical resistance characteris- 
tics. 

4.. An acoustic gas meter as claimed in Claim 3 char- 
acterised in that the wire (26;38) is fomied with " 
one or more bends to provide the wire length great- 
er than the length of the acoustic path (8';34). 

5. An acoustic gas meter as claimed in Claim 4 char- 
acterised in that the wire (38) is formed with one 
bend and arranged to traverse the acoustic path 
(34) twtee. 

6. An acoustic gas meter as claimed in Claim 5 char- 
acterised In that the acoustic transmitter/receiver 
an'angement Includes an acoustic transceiver {30)., 
and a reflector (36) disposed opposite the trans- 
ceiver (30) to retum incident acoustic energy emit- 
ted from the transceiver (30) and In that the wire 
(38) is fomned with two substantially parallel legs 
(42) each disposed to traverse the acoustic path 
(34) between proximal the transceiver (30) and 
proximal the reflector (36). 
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